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a b s t r a c t

Background: The aim of this study was to compare the functional outcome, the patient’s perception of
the replaced hip joint with different bearing surfaces and to study the effect of femoral head size on joint
perception as well.
Methods: One hundred and ten (110) patients, who underwent primary total hip replacement with an
average follow-up of 48 months (12e156 months), were assessed for their functional outcome and joint
perception. The functional outcome was calculated based on Oxford hip score (OHS) and SF-36. Joint
perception was categorized as to whether the replaced joint was perceived like a natural joint or artificial
joint with or without restriction of movements.
Results: There were 50 patients operated for ceramic on ceramic (CoC-hard-on-hard bearing), 60 pa-
tients for hard-on-soft bearing (Metal on Polyethelene-MoP 46, Ceramic on Polyethelene-CoP 14). Most
of the patients with hard-on-hard bearings perceived their operated hip like a natural joint (p ¼ 0.04)
compared to hard-on-soft bearings. There was no significant difference in the functional outcome (OHS,
SF-36) between the two bearing surface groups (p > 0.05). There were fifty patients with 28 mm size
head while remaining 60 had larger heads (>32 mm). Patients with large heads felt like natural joint
compared to small heads (p ¼ 0.007).
Conclusion: The hard-on-hard bearing surfaces (CoC) and large femoral heads (32 mm, 36 mm) are
perceived more like a natural joint. Different bearing surfaces do not affect the functional outcome after
total hip replacement in a medium term follow up.

© 2019
1. Introduction

The bearing surfaces currently used for Total Hip Arthroplasty
(THA) are Ceramic-on-ceramic (CoC), Ceramic-on-Polyethylene
(CoP), Metal-on-Polyethylene (MoP) and Metal-on-metal (MoM).
The success of the THA surgery depends on improvement in
functional outcome and better patient satisfaction. Most of the
design changes over the past two decades are focused on altering
the bearing surface of the implant system for reducing wear and
achieve better patient satisfaction. There are very few studies
published until now comparing the functional outcomes of THA
using different bearing surfaces. Most of the studies on bearing
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surfaces are concerned with wear of the implant, post-operative
complications and the need for revision surgery.1,2 In all these
studies the functional outcome is measured based on the stan-
dardized scoring systems. These scoring systems take into account
the patient’s pain relief, level of activity and range of motion but do
not consider the patient’s joint perception. Though the scoring
systemhighlightsmost of the activity levels, the patient satisfaction
outcome is not clear from their scores. Assessment of joint
perception forms a major component of patient satisfaction after
THA. The success of the surgery depends on the patient perception
of the joint, so that he/she forgets the artificial joint to feel it like a
natural joint. Though there are studies in literature comparing joint
perception in total hip and knee replacements,3 no study compares
the patient’s joint perception in total hip arthroplasty between the
different bearing surfaces.

We have studied the effect of different bearing surfaces on pa-
tient’s functional outcome and tried to establish a correlation with
joint perception after total hip replacement. We have also studied
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the effect of the head size on joint perception after total hip
replacement.

2. Materials and methods

The patients who have undergone primary total hip replace-
ment with minimum one-year follow-up were included in the
study. Only those patients operated by primary author were
included in the study. All patients had THA done via posterolateral
approach in lateral position. Standard steps of total hip replace-
ment procedure was followed. All uncemented cups were cluster
hole porous coated cups. Screws were used as and when stability
could not be achieved in any direction. All cementless stems were
fully HA coated stems. Cemented stems were triple tapered pol-
ished stems and cemented cups were flanged all poly cups. Third
generation cementing technique was followed. Full weight bearing
walking with support was started 24 h after surgery in all cases
irrespective of fixation. The support was gradually weaned of next
few weeks as per patient’s recovery. Patients undergoing revision
THA, with post-operative nerve palsy or infection and those with
primary joint replacements other than hip were excluded from
study. The information regarding bearing surface, head and cup size
used was obtained from the hospital records and principal inves-
tigator records. Antero-posterior and lateral view of the hip was
taken. The following parameters were looked for in the radiograph,
1) Inclination of the cup 2) Anteversion of cup, 3) Heterotopic
ossification (Brooker grading4), 4) Peri-implant radiolucent lines
and Osteolysis (Charnley zones,5 Gruen zones6). The functional
outcome of the patient was assessed using 2 standardized scoring
systems (a) Oxford Hip score7 and (b) SF-36 score. Based on the
Oxford Hip Score outcomewas classified as excellent, good, fair and
poor.8

To assess the patient’s joint perception, the patient was asked to
answer the following question. ‘How do you perceive your oper-
ated hip joint?’ and the response was graded as follows:

1. Like a native or natural joint
2. Like an artificial joint with no restriction
3. Like an artificial joint with minimal restriction
4. Like an artificial joint with major restriction
5. Like a nonfunctional joint.
2.1. Statistical analysis

The outcome of our study was based on ordinal scale (joint
perception) and rank (OHS, SF36 score). The outcomes had a clear
limit of detection (OHS 0e48, SF-36 0e100). Non-parametric tests
were applied to the data. P-Value < 0.05 was considered significant.
The joint perception of each patient was compared between the
groups using the Fischer Exact test. The SF-36 score (0e100) and
Oxford hip score (0e48) were compared between the groups with
Kruskal Wallis H test.

3. Results

The study population included 110 patients who were operated
between 2004 and 2017, and included 78 males and 32 females
after applying exclusion criteria. The average age was 47.33 years
(25e78 years). Twenty-seven (24.5%) patients belonged to the
young population group with age less than 35 years.9 The mean
follow-up duration was 48 months (12e156 months). The primary
diagnosis was avascular necrosis in 61 patients, inflammatory
arthritis in 26 patients and dysplastic hip in 5 patients. The
remaining 18 patients had THA done for hip fractures. 102 patients
had uncemented hip replacements while only 8 patients had
cemented hip replacements. The range of acetabulum inclination
angle was 30e55�, while the version was between 10 and 25� in all
cases.

There were 50, 14 and 46 patients with CoC, CoP and MoP
articulation respectively while there were no patients with MoM.
To prevent skewing of data, CoP and MoP were grouped together as
hard-on-soft bearings while CoC and MoM were grouped as hard-
on-hard bearings. There were 50 patients with hard-on-hard
bearing (CoC) whereas 60 with hard-on-soft (MoP, CoP). CoC
group was dominated by younger patients (mean age 37.8 years)
compared to MoP (mean age 55.7 years) and CoP (mean age 53.7
years). Fifty patients had 28 mm head size, while the remaining 60
patients had more than 32 mm (32, 36 or 40 mm). For statistical
purposes 28 mmwas taken as small head and 32 mm, 36 mm and
40 mm were grouped together as large heads. The patient’s
perception of replaced joint is shown in Fig. 1.

3.1. Bearing surface and joint perception

Thirty-eight (76%) out of 50 patients with hard-on-hard bearing
surface felt ‘like a natural joint’ while only 34 (56.7%) out of 60
patients with hard-on-soft bearing surface felt the same. The dif-
ference was found to be significant (p ¼ 0.03), which shows hard-
on-hard bearing surfaces are perceived more like a natural joint
than hard-on-soft bearing surfaces (Table 1).

3.2. Functional outcome and bearing surfaces

Thirty eight (76%) patients with hard-on-hard bearing surface
and 46 (77%) patients with hard-on-soft bearing surface had
excellent outcomes with OHS score more than 418. There was no
significant difference (p ¼ 0.81) in the Oxford hip score between
the 2 groups. The mean Physical component score (PCS) for the 2
groups were 48.89 and 48.37 (p ¼ 0.31), while the mean Mental
component score (MCS) was 57.93 and 59.06 (p ¼ 0.78) respec-
tively. Hence it was revealed that there was no significant differ-
ence in the SF-36 scores of both the groups as well. Thus for a short
to mid-term follow-up period, there is no significant difference in
functional outcome between the different bearing surfaces
(Table 2) (Figs. 2 and 3).

3.3. Head size and joint perception

Twenty-six (52%) patients with smaller head (28 mm) felt like a
natural joint, while 46 (76.7%) patients with large head (32 mm,
36 mm, 40 mm) felt like a natural joint. Hence there is a significant
effect of head size on joint perception with larger heads being
perceived more like natural joint than smaller heads (p ¼ 0.007)
(Table 3).

4. Discussion

The total sample size of our study was 110 patients with 78
males (70.1%) and 32 (29.1%) females. Indian Society of Hip and
Knee Surgeons (ISHKS) joint registry report shows that 61% of the
THA is done in males.10 The mean age of the patients in our study
was 47.33 (±14.1) years, which is similar to the ISHKS registry data,
which shows average age of patient undergoing THA in India is 52
years.10

Majority (65.5%) of the patients in our study felt that their
operated joint was like a natural joint. No patient felt that the joint
was like an artificial joint with major restriction or like a non-
functional joint. These results are similar to that of Collins et al.
(2012), which showed that hip arthroplasties are associated with



Fig. 1. Joint perception of all patients

Table 1
Comparision between bearing surface and joint perception.

Bearing surface Total Joint perception

Like a native or natural joint Like an artificial joint with no restriction of motion Like an artificial joint with minimal
restriction

COC 50 Hard-on-
hard

50 38 (76%) 12 (24%) 0 p value 0.03
MOM 0
COP 14 Hard-on-soft 60 34 (57%) 22 (37%) 4 (6%)
MOP 46

Table 2
Functional outcome in different bearing surfaces.

Bearing surface
Oxford hip score Sf 36

0e26 27e33 34e41 42e48 Mean Mean PCS Mean MCS

Poor Fair Good Excellent

Hard-on-hard 0 0 12 38 43.2 48.89 57.93
Hard-on-soft 0 2 12 46 42.73 48.37 59.06
p-value 0.8102 0.31 0.78
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better joint perception than knee arthroplasties.3 They developed a
questionnaire evaluating patient’s joint perception after arthro-
plasty to determine whether they considered the joint as ‘natural’
or ‘artificial’. They also concluded that joint perceptionwas strongly
correlated with the functional outcome in all their study groups.

Patients with hard-on-hard bearing (CoC) perceived their joint
more like a natural joint than hard-on-soft (CoP, MoP) group
(p¼ 0.03). This could be attributed to the hydrodynamic lubrication
seen in hard-on-hard bearings. The native hip joints (synovial
joints) have full fluid film type of lubrication (hydrodynamic
lubrication). Metal-on-polyethylene hip joints (hard-on-soft)
articulate in themixed film or boundary lubrication regime. It is not
ideal and is more likely to occur in rough bearing surfaces, or as a
result of third body formation or protein deposition. The longer the
implants remain in situ the more likely these develop this type of
lubrication. Hard-on-hard bearings primarily work in the elasto-
hydrodynamic (fluid film) and mixed film lubrication regime, with
increasing femoral head size (>28mm), a shift toward full fluid film
(hydrodynamic) lubrication is observed as well. The coefficient of
friction is very less in full fluid film lubrication where the articu-
lating surfaces are separated by the lubricant.11 Thus the hard-on-
hard surfaces with lubrication regime similar to that of natural
joint are perceived more like a natural joint.

The better joint perception for ceramic-on-ceramic could also be
due to decreased wear and osteolysis. The potential for decreased
wear is derived from the tribologic properties inherent to alumina.
Alumina is highly polished, very hard, scratch resistant and has
better wettability. The fluid film that develops on ceramic surfaces
decreases frictional drag and adhesive wear. The low wear rates
coupled with less alumina bioreactivity minimize the likelihood of
osteolysis.

All the patients of our study had good functional outcome. The
average Oxford hip score was 42.98, while the average for hard-on-
hard bearings was 43.2 and for the hard-on-soft group was 42.7.
Jafar et al. (2015) studied 60 patients undergoing primary THR, and
showed that all patients had excellent improvements in functional



Fig. 2. Graph showing Oxford Hip Score of patients with Hard-on-hard and hard-on-soft bearings.

Fig. 3. Graph showing SF36 scores of patients with hard-on-hard and hard-on-soft bearings.

Table 3
Effect of head size on joint perception.

Size of
head

Like a
natural
joint

Like an artificial joint with
no restriction

Like an artificial joint with
minimal restriction

28 mm 26 20 4
�32 mm 46 14 0
p¼ 0.007
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outcome after the surgery.12 The average pre-operative Harris hip
score was 23.77 while the average post-operative score was 87.90
after one-year follow-up. Ng CY et al. (2007) studied the functional
outcome of 627 consecutive patients undergoing primary total hip
replacement in terms of Harris hip score and SF-36 score.13 They
showed that therewas a significant improvement in both the scores
in the post-operative period. All dimensions of the SF-36 except for
mental health and general health improved significantly with the
greatest improvement seen at six-month assessment.13

There was no significant difference in the functional outcome
between the bearing surfaces as measured by the Oxford hip score
and SF-36 in our study. Several studies have been done in the past,
which show similar result. Parsons C et al. (2014) compared the
clinical outcomes of three bearing surfaces (MoM, MoP, CoP).14

They studied the outcome of 81 primary THA patients with an
average follow-up of 8.6 years. They concluded that the rates of



Table 4
Studies comparing functional outcome in different bearing surfaces.

Study No of patients Bearing surfaces Variables P value

D’Antonio et al.15 189 (216 hips) CoC (144), MoP (72) Osteolysis and revision rate (MoP > CoC) <0.05
Vendittoli et al.16 140 CoC (71), MoP (69) Functional outcome (WOMAC, PMA scale) >0.05

Osteolysis and revision (MoP > CoC) <0.05
Parsons C et al.14 81 MoM (18), MoP (27), CoP (36) Functional outcome (harris hip score) >0.05

Complication rate >0.05
Osteolysis >0.05

Dongcai et al.2 974 CoC (601), MoP (373) Harris hip score 0.13
Revision rates (MoP > CoC) 0.01
Implant fracture (CoC > MoP) 0.04
Osteolysis (MoP > CoC) <0.01

Wang et al.17 90 COC Functional outcome (harris hip score) <0.05
Present study 110 CoC (50), MoP (46), CoP (14) Functional outcome (Oxford hip score, SF-36) >0.05
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pain, complications and need for revision secondary to articular
wear are similar among the 3 bearing surfaces compared.14 Dongcai
et al., in 2015 did a meta-analysis of randomized controlled trials to
compare the outcome of ceramic-on-ceramic and metal-on-
polyethylene bearing surfaces.2 There was no difference in func-
tional outcome as measured by Harris hip score between the 2
groups. There was decreased rate of revision in the COC group
(Table 4).

No studies have been done previously to study the effect of fe-
mur head size on joint perception. Our study shows that larger
heads (>32 mm) are perceived more like a natural joint (p: 0.007).
The better joint perception for larger heads can be attributed to the
better stability and impingement free range of motion.18,19 There is
a clear kinematic advantage to larger femoral head bearings in THA.
Increasing the femoral head size leads to an increased headeneck
ratio, which results in increased amount of flexion and flexion
with internal rotation of the hip. Even with some variability in
acetabular component position, the range of motion before
impingement is increased with larger femoral heads. The jump
distance is increased by a head with a large diameter, reducing the
risk of postoperative dislocation, even when utilizing a posterior
approach to the hip. However, large diameter heads do have more
volumetric wear, which may or may not cross the threshold for
osteolysis.20

Our study has its limitations. The average follow-up of our study
population is 48 months. Only the short to medium term results on
functional outcome could be studied. Long-term follow-up is
required to study further complications like osteolysis and loos-
ening. The study population was 110 patients. Larger study group
would further increase the power of the study. However our study
is still significant as it is one of the first studies done to study the
role of bearing surface on joint perception and patient satisfaction.

We conclude that bearing surface do play a role in patient
satisfaction outcome after total hip replacement. Patients with
hard-on-hard bearings (CoC) and large head diameters perceived
their operated hip like a native joint. However the bearing surfaces
did not affect the functional outcome of the patient.
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